Amplified fragment length polymorphisms (AFLPs) are widely used for phylogenetic reconstruction in plants but their use in animal taxa has been limited, and in mammals rare. In addition, their use has been largely limited to shallow relationships amongst species or subspecies. Here, we genotype 23 pinniped species for 310 AFLP markers and find a strong phylogenetic signal, with individuals coclustering within species, and overall a good agreement between our phylogeny and those constructed using mitochondrial DNA and nuclear sequences even at nodes B15 million years old. Although supporting the existing ideas about pinniped relationships, our data shed light on relationships within the hitherto relatively unresolved Phocine species group, and provide further supporting evidence for raising two subspecies of Zalophus californianus, Z. c. californianus and Z. c. wollebaeki, to species level. Plotting AFLP divergence time estimates against those based on both mtDNA and nuclear sequences we find strong linear relationships, suggesting that the different markers are evolving in a clocklike fashion. These data further emphasize the utility of AFLP markers as general tools for phylogenetic reconstruction.
Introduction
Biologists require robust phylogenies to put findings in an evolutionary context, and recent decades have seen extensive use of usually sequence-based data for phylogenetic inference. Although multiple nuclear sequences are used for constructing phylogenies in multicellular organisms (Steppan et al., 2004; Mallarino et al., 2005; Nazari et al., 2007) , mitochondrial (mtDNA) genes such as cytochrome b, cytochrome oxidase I and the mitochondrial control region are still probably the most widely used genetic markers for this phylogenetic reconstruction (Folmer et al., 1994; Simmons and Weller, 2001 ). More recently, a short section of the mitochondrial cytochrome oxidase I gene has been put forward as a universal candidate locus for species identification purposes or DNA barcoding (Hebert et al., 2003; Stoeckle and Hebert, 2008) .
The widespread use of mtDNA genes can be attributed to a number of factors: ease of amplification, high evolutionary rate, low recombination rate and smaller population size compared to nuclear loci. However, there are factors that may complicate interpretation of the resulting trees. First, as mitochondria are maternally inherited, mtDNA only reflects female history. In most cases this does not impact on phylogenetic reconstruction, but many species, especially among mammals, show strong female phylopatry (Greenwood, 1980) , creating strong substructure within a species evident at cytoplasmic but not nuclear genes (Ruppell et al., 2003; Nies et al., 2005) . Second, interspecific hybridization may cause branch-swapping between related species and affect mitochondrial and nuclear genomes differentially, with mtDNA apparently crossing species boundaries much more readily (Chan and Levin, 2005; Linnen and Farrell, 2007) . Third, there is mounting evidence of direct selection on mtDNA genes and of indirect selection arising from disequilibrium with other maternally inherited genes and cytoplasmic elements, both of which could confuse the resulting phylogenetic picture (Ballard and Whitlock, 2004; Hurst and Jiggins, 2005) .
These disadvantages of relying solely on mtDNA genes mean that studies using multigene phylogenies integrating information from both nuclear and mitochondrial sequences are becoming more prevalent in plants and animals (Beltrán et al., 2007; Alfaro et al., 2008; Hugall et al., 2008) . Relatively fast evolving sequences are required to determine species-level relationships, and nuclear coding regions are preferable as frequent indels in non-coding regions create length polymorphism requiring post-PCR cloning before sequencing. However, it has not been possible to find nuclear coding regions that both meet these criteria and that can be amplified reliably across a wide range of taxa. As a result, so far there are no universal 'nuclear barcode' genes (Dasmahapatra and Mallet, 2006) .
Amplified fragment length polymorphisms (AFLPs) are predominantly nuclear in origin and have rapid rates of evolution (Vos et al., 1995; Mueller and Wolfenbarger, 1999) . Additionally, they are readily amplifiable in both prokaryotic and eukaryotic taxa with little need for optimization.
Among other applications, AFLPs are currently widely used to create robust phylogenetic inferences especially within taxa, in which interspecific relationships have been difficult to resolve or when appropriate nuclear genes are scarce (Barluenga et al., 2006; Mendelson and Simons, 2006; Pellmyr et al., 2007) . This widespread application is despite the restrictions on the use of AFLP markers in phylogenetic analyses resulting from their unknown mutation characteristics and anonymous nature (Felsenstein, 2004; Koopman, 2005) . However, there is bias in application with most usage largely limited to subgeneric and subspecies groupings with a heavy bias towards plant taxa (Bensch and Å kesson, 2005 ).
An ISI Web of Science search in October 2007 using 'AFLP AND phylog*' as search terms in the 'Topic' field retrieved 525 records of which 421 used AFLPs for phylogenetic purposes. Although these search terms do not recover all AFLP-based phylogenetic studies, the recovered dataset is large and unbiased. By examining the titles, abstracts and where necessary the paper itself, each record was broadly classified into taxonomic groupings. This analysis revealed that 61% of the studies were on plants and only 14% on animals, with the remainder on fungi and bacteria. Within plants and animals, only 5% were conducted above the generic level. In particular, there were just eight family-level studies on vertebrates. This included one mammalian study and four studies on rapidly radiating cichlid fish. Our analysis clearly indicates that AFLP markers are rarely used to construct higher level phylogenies.
Here, we test the utility of AFLP markers to recover both family-and species-level relationships within a mammalian order. As our test case, we use a group with a relatively well-represented molecular phylogeny: the Pinnipedia. Pinnipeds, or seals, are a diverse group of aquatic mammals (Riedman, 1990) comprising 34 extant species spread across three distinct families: the Odobenidae, the Otariidae and the Phocidae (Rice, 1998) . It is estimated that this group of mammals originated 23-26 million years ago (MYA), but much of the current species diversity is of relatively recent origin, having arisen during and after the Pleistocene (Arnason et al., 2006; Higdon et al., 2007) . Pinnipeds have been intensively studied due to their ecological importance as top predators in marine ecosystems and conservation concerns facing many species. Considerable effort has gone into elucidating the phylogeny of this group of mammals using both mtDNA (Wynen et al., 2001; Arnason et al., 2006) and nuclear sequences (Fulton and Strobeck, 2006) . Higdon et al.'s (2007) phylogenetic analysis of the 34 extant pinniped species based on all available GenBank pinniped sequences is, to date, the most comprehensive reported analysis of pinniped species relationships. The Mustelidae have been shown to be the sister taxa to a monophyletic pinniped clade (Fulton and Strobeck, 2006; Sato et al., 2006) , and within the pinnipeds the Odobenidae are sister to the Otariidae. Although basal relationships are strongly supported, many of the more terminal branches have weak support. Within the Otariids there is no evidence to support monophyly of either sea lions or fur seals and relationships among many species are difficult to resolve. On the other main pinniped branch, the Phocidae, relatively rapid speciation, especially within the Phocinae, has led to uncertainty about the exact relationships among several species. The analyses in Higdon et al. (2007) are dominated by mitochondrial genes, and from a nuclear perspective the species coverage is low with an average of only 5.5 species' represented at each nuclear gene. A further limitation of this study is that where sequences were available, each species was represented by a single sequence. This does not allow the evaluation of intraspecific genetic variation and may not be sufficient sampling for species involved in rapid radiations such as in the genus Phoca (Arnason et al., 2006) , or many Otariid species which are known to hybridize with one another (Rice, 1998; Lancaster et al., 2007) . Therefore, a well-supported nuclear phylogeny of pinnipeds remains elusive.
We use AFLP markers to recover both family-and species-level relationships in a mammalian order and compare the resulting phylogeny with published versions based on both mtDNA (Wynen et al., 2001; Arnason et al., 2006) and nuclear (Fulton and Strobeck, 2006) sequences to test the utility of AFLPs for higher-level phylogenetics. At the same time we assess the relative rates of change of the different marker types.
Methods
A total of 23 pinniped species comprising 8 otariids, 14 phocids and the walrus (Table 1) were used in the analysis. Where possible, five representatives of each species were used. The Ursidae and Mustelidae are the putative outgroups to the pinnipeds, therefore, two polar bear (Ursus maritimus) and two badger (Meles meles) samples were added as representatives of these taxa. DNA was extracted by Proteinase K digestion using an adapted Chelex 100 protocol (Walsh et al., 1991) followed by standard phenol-chloroform purification (Sambrook et al., 1989) .
The AFLP protocol was similar to that used in Vos et al. (1995) and Dasmahapatra et al. (2008) . Briefly, 100-400 ng of genomic DNA was first digested using TaqI (5 U in a 10 ml volume, 65 1C for 2 h) and then with EcoRI (5 U in a 20 ml volume, 37 1C for 2 h). EcoRI and TaqI adapters (Ajmone-Marsan et al., 1997; Madden et al., 2004) were ligated on to the digested DNA using T4 DNA ligase (1 U in a 50 ml volume, 37 1C for 3 h) and then diluted 10 times with low TE (10 mM Tris-HCl, 0.1 mM EDTA, pH 8). For the preamplification, 5 ml of ligation mix was added to a 50 ml PCR reactions containing Tris-HCl (10 mM, pH 8.3), MgCl 2 (1.5 mM), KCl (50 mM), dNTPs (0.2 mM), Taq polymerase (1 U) and 50 ng each of the preamplification primers EcoRI-A and TaqI-C carrying one selective nucleotide. Following 30 preamplification cycles (30 s at 94 1C, 60 s at 50 1C and 60 s at 72 1C) the products were diluted 10 times with low TE. For the selective amplification, 2.5 ml of diluted preamplification product was added to a 12.5 ml reaction containing Tris-HCl (10 mM, pH 8.3), MgCl 2 (1.5 mM), KCl (50 mM), dATPs, dTTP and dGTP (0.2 mM each), dCTP (0.04 mM), a 32 PdCTP (0.1 mCi) Taq polymerase (0.2 U), EcoRI selective primer (EcoRI-AXX, 5 ng) and TaqI selective primer (TaqI-CXX, 30 ng). Samples were subjected to 13 selective amplification cycles (30 s at 94 1C, 60 s at 65 1C, reducing by 0.7 1C each cycle, and 60 s at 72 1C), followed by further 23 cycles (30 s at 94 1C, 60 s at 56 1C and 60 s at 72 1C). The samples were genotyped using eight AFLP primer combinations (TaqI-CAC with EcoRI-ACA, TaqI-CCA with EcoRI-ACA, TaqI-CGA with EcoRI-ACA, TaqI-CTG with EcoRI-ACA, TaqI-CAG with EcoRI-ACA, TaqI-CAC with EcoRI-AAC, TaqI-CAC with EcoRI-ATG, TaqI-CAC with EcoRI-AGC). All adapter and primer sequences are described in Madden et al. (2004) . AFLP products were resolved by electrophoresis through 6% acrylamide gels and visualized by autoradiography.
AFLP profiles were assessed and scored by eye. Samples with odd AFLP profiles, where most bands are not observed in other profiles, were excluded. Only loci that amplified consistently, that is, sharp bands with minimal size variation, allowing them to be scored across the entire dataset were used. Three hundred and ten AFLP loci, sized 100-350 bp, were polymorphic either within or between species and could be scored unambiguously. It was assumed that AFLP bands that were the same size across species represented homologous markers. To assess our genotyping error rate, the original DNA extractions of 20 samples representing five species were reamplified at all eight primer combinations and rerun. The 310 loci scored above were identified in the AFLP profiles and the loci independently scored blind by two people. Genotyping error rate was estimated by comparing the original genotypes with the error-checking genotypes and calculating the number of mismatches (Bonin et al., 2004) .
The final character matrix (provided in the Supplementary information) used as input for the phylogenetic analysis consisted of 310 binary characters representing the presence and absence genotypes of 109 individuals from 23 pinniped species and two outgroup species at 310 AFLP bands. Distance methods were used to create phylogenetics trees, and the results compared with those obtained with parsimony and Bayesian methods. As the various pinniped species may have diverged up to 25 MYA, Nei-Li (Nei and Li, 1979) and Jaccard (Jaccard, 1901) distances were used in the distance analysis. These distance measures are best suited for AFLPs as they take account of the sharing of presence alleles but are not affected by the sharing of absent or zero alleles, which are more likely to be homoplasious. PhylTools (Buntjer et al., 2002) was used to generate Nei-Li and Jaccard distance matrices for each of the 1000 bootstrapped datasets, and a consensus neighbour-joining (NJ) tree generated using the NEIGHBOR and CONSENSE modules in PHYLIP (Felsenstein, 1989) . For the bootstraps, starting trees for each replicate were obtained by randomizing the input order of the species. Branch lengths were obtained using the FITCH module. Phylogenetic reconstruction with AFLP markers
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Parsimony methods are generally thought to perform poorly with AFLP data, most obviously because bands may be lost independently in more than one lineage, giving rise to multiple null alleles that are not identical by descent (Pellmyr et al., 2007) . None the less, we chose to include one parsimony analysis for comparison ,   wed3  wed2  wed1  wed5  wed4  leo4  leo5  leo3  leo2  leo1  crb3  crb4  crb1  crb5  crb2  rss5  rss3  rss2  rss4  rss1  ele  ele3  ele5  ele4  ele2  ele1  mnk1  mnk2   rng3  rng1  rng2  spt3  spt2  spt1  hrb4  hrb1  hrb2  hrb5  hrb3  csp2  csp3  csp1  csp4  gry4  gry1  gry5  gry3  gry2  hrp3  hrp1  hrp4  hrp5  hrp2  hdd3  hdd2  hdd1  hdd4  hdd5  brd2  brd4  brd3  brd1  afs1  afs4  afs2  afs3  afs5  safs5  safs3  safs1  safs2  safs4  gfs2  gfs3  gfs1  gfs5  gfs4  nzfs1  nzfs3  nzfs2  nfs5  nfs1  nfs3  nfs4  nfs2  ssl2  ssl4  ssl5  ssl1  ssl3  csl4  csl3  csl5  csl1  csl2  gsl5  gsl3  gsl4  gsl1  gsl2  wal2  wal4  wal3  wal5 Quesne, 1974) , which assumes that mutations from band to null are more likely than mutations that create new bands. As species clusters are strongly supported in the NJ analyses (Figure 1 ), to reduce computational time a single representative from each species was randomly chosen for inclusion in the parsimony analysis. We conducted 1000 bootstrap pseudoreplicates using the DOLLOP module in PHYLIP, followed by CONSENSE to create the consensus tree. Although Bayesian methods of phylogenetic inference from AFLP markers using models that accurately represent the evolution of AFLP markers have been developed (Luo et al., 2007) , the computational costs with the current algorithm is high and so the model is not practically applicable (Luo et al., 2007; Koopman et al., 2008) . Instead, we opted to analyse our data with MrBayes 3.1.2 (Huelsenbeck and Ronquist, 2001 ) using the restriction sites model. As it is designed for restriction site data, this model is an oversimplification of the more complex evolutionary processes underlying AFLP polymorphisms. The option 'noabsencesites' was used to correct for coding bias in AFLP datasets (Ronquist et al., 2005; Koopman et al., 2008) . Analysis with Mr Bayes was carried out on the same individuals as were used in the parsimony analysis. The Bayesian analysis consisted of two runs of 10 000 000 generations with a sample frequency of 1000. Defaults were used for all other parameters. A burnin of 5000 samples (5 000 000 generations) was used based on the criteria of stable log likelihoods and convergence values (standard deviations of split frequencies). Posterior probabilities were calculated based on the remaining 5000 trees per run.
As mtDNA and nuclear sequences exist for a number of pinniped species, we were able to examine how rates of AFLP band evolution relate to rates evolution at mtDNA loci as well as at specific nuclear loci. Mitochondrial cytochrome b (cytb) sequences representing all species used in the AFLP analysis were downloaded from GenBank. For 10 of these species, sequences from 5 nuclear genes (IRBP exon 1, FES, GHR, CHRNA1 and RHO1) were also available (Fulton and Strobeck, 2006) . The final 360 bp cytb alignment contained 157 sequences representing 23 pinniped species. Each nuclear alignment (IRBP exon 1-1183 bp; FES-362 bp; GHR-618 bp; CHRNA1-360 bp; RHO1-266 bp) comprised one sequence from each of the 10 species. Raw percentage sequence divergences at cytb and the nuclear genes were calculated among all possible species pairs using SITES (Hey and Wakeley, 1997) . We compared average pairwise AFLP Jaccard distances among pinniped species with cytb sequence divergences and nuclear sequence divergence (averaged over the five loci). Jaccard instead of Nei-Li distances were used to allow comparison with another study (Buntjer et al., 2002) , for which only Jaccard distances were reported (see below). In practice, Jaccard and Nei-Li distance measures are highly correlated, with an r 2 of 0.99 in our dataset. Buntjer et al. (2002) reported pairwise Jaccard distances among nine species within the subfamily Bovinae, for which 870 bp of cytb sequence were also available on GenBank. This allowed us to make a comparison of AFLP band and mtDNA evolution rates between two different mammalian orders.
The significance of the correlations between pairwise distance matrices was tested with Mantel tests implemented using the software zt (Bonnet and Van de Peer, 2002) .
Results
Our estimated genotyping error rate was 0.5%, typically the level found in several other AFLP studies (Jones et al., 1997; Arens et al., 1998; Bonin et al., 2004) . Only 6 of the 310 AFLP bands scored were size homologous between pinnipeds and the two outgroup species, implying a relatively rapid rate of evolution for AFLP markers. However, these six bands are polymorphic within the pinnipeds, and their size homology is likely the result of size homoplasy rather than being genuinely homologous loci. Such tenuous overlap between the two groups meant that we were unable to infer which of the two outgroup taxa is closest to the pinnipeds. None the less, inclusion of the outgroups allowed confirmation that the pinnipeds form a monophyletic group, excluding the Ursidae and the Mustelidae, and that the Odobenidae are sister to the Otariidae and not the Phocidae (Figure 1) .
NJ trees using Nei-Li and Jaccard distances were identical in topology with only minor differences in branch support (not shown), and we show the former (Figure 1 ). Both parsimony and Bayesian trees (Figure 2 ) are less well resolved compared to the NJ analysis. Bootstrap supports for most branches in the parsimony tree are weak. Although relationships within the Phocinae are concordant between the parsimony and NJ trees, there are a number of discrepancies within the Monachinae and Otariidae. However, except for the basal positioning of Callorhinus ursinus within the Otariidae, none of these discrepancies are strongly supported in the parsimony analysis. In the Bayesian tree, although posterior probabilities tend to be high at bifurcating nodes, several polytomies are present within both the otariids and phocids. Relationships within the Phocinae are again concordant between Bayesian and NJ trees. Of the three analyses, the tree from the NJ analysis is best resolved, therefore we focus on the NJ tree.
In the NJ tree, all conspecific individuals cocluster with strong support, indicating good resolution at the level of species (Figure 1) . In general, more basal relationships, for example at the base of both the Phocinae and the Monachinae, receive relatively weaker bootstrap support (BS ¼ 58 and 86%, respectively). The otariids form a strongly supported monophyletic group, but withinotariid species relationships remain poorly resolved in many instances. The subfamily divisions between fur seals (Arctocephalus/Callorhinus) and the sea lions are weakly supported in the NJ analysis (BS ¼ 65 and 55%, respectively), however, as discussed later, this is probably an artefact of incomplete species sampling. The only strongly supported otariid clade contains A. galapagoensis, A. australis and A. fosteri. The two subspecies of Zalophus californianus, the California (Z. c. californianus) and Galapagos sea lions (Z. c. wollebaeki) were found to be strongly divergent and are not sister taxa. Instead, there is weak support for a sister relationship between the E. jubatus and Z. c. californianus (BS ¼ 53%).
Monophyly of the phocids is strongly supported (Figure 1) . Within the Phocidae, monophyletic groupings of both the Phocinae and Monachinae are recovered (BS ¼ 86 and 58%, respectively), although support for the latter is weak. In the Monachinae, remaining relationships are consistent with traditional divisions: the monk seals, represented by M. monachus, are the basal taxa, followed by M. leonina and then the Lobodontini. Within the Lobodontini there is strong support for sister relationships between H. leptonyx and L. weddelli (BS ¼ 91%), and between the L. carcinophagus and O. rossii (BS ¼ 96%). In the Phocinae, E. barbatus was the deepest branching lineage (BS ¼ 53%), followed by C. cristata (BS ¼ 100%) and then the Phocini (BS ¼ 93%). Interspecific relationships within the Phocini were well supported, with P. groenlandicus being the basal taxon (BS ¼ 93%). A clade containing P. hispida, P. largha and P. vitulina was recovered (BS ¼ 85%) within which the P. hispida was basal (BS ¼ 100%). There was also strong support for sister relationships between P. caspica and H. grypus (BS ¼ 91%).
There are strong correlations between pairwise interspecific AFLP Jaccard distances and interspecific cytb sequence divergences within both the pinnipeds (Figure 3a : r ¼ 0.87, Mantel test, P ¼ 0.00001) and the Bovinae (Figure 3a : r ¼ 0.89, Mantel test, P ¼ 0.0003). Both relationships are linear, and over the evolutionary distance investigated neither AFLP distances nor mtDNA sequence divergences appear to be significantly saturating. The two slopes (pinnipeds: 0.164 ± 0.006; Bovinae: 0.157±0.014) do not differ significantly from each other (ANOVA: F (1,264) ¼ 0.15, P ¼ 0.7) indicating that rate of AFLP-to-cytb evolution is similar in both groups of species. A strong correlation (Figure 3b : r ¼ 0.89, P ¼ 0.00005) is also present between pairwise interspecific AFLP Jaccard distances and interspecific average nuclear divergences.
Discussion
Here we use AFLP genotypes from a wide range of pinnipeds species to explore the effectiveness of these markers to recover useful phylogenetic information at the scale of a mammalian order. We obtain a generally well-supported tree, with all individuals within each species coclustering. Compared with the equivalent trees obtained using mitochondrial and nuclear sequence data we find close agreement as well as enhanced species resolution within the Phocinae. We also report striking correlations among inferred rates of evolutionary change based on AFLP, mtDNA and nuclear sequences.
Size homology of AFLP markers
Probably the main consideration that appears to limit the use of AFLPs for phylogenetic inference is concern about the assumption of size homology of AFLP markers. This concern is particularly relevant for studies carrying out deeper than species-level analyses (Bussell et al., 2005; Althoff et al., 2007) . Simulated AFLP profiles of human and mice genomes show that only 66% of same-sized bands are homologous within a species . In the same study, comparison of simulated AFLP profiles of three Drosophila species show that only 59 and 19% of bands are homologous between species estimated to have diverged 2 and 6 MYA, respectively. These results suggest that AFLP markers should carry little or no phylogenetic signal when comparisons are carried out between taxa that have diverged more than a few million years ago. In contrast to this expectation we find sufficient phylogenetic signal even as far back as B15 MYA (Higdon et al., 2007) Phylogenetic reconstruction with AFLP markers KK Dasmahapatra et al fail to recover pinniped outgroup relationships, but this is not surprising given that fewer than 20% of bands are shared among the deepest pinniped lineages (Figure 3a) , corresponding to 20-26 MYA (Higdon et al., 2007) . Extrapolating the linear relationship in Figure 3a , one would expect very few shared homologous bands between the outgroup taxon and pinnipeds as this split is dated to 30-41 MYA (Higdon et al., 2007) . Homology of AFLP bands should decrease with the phylogenetic distance over which comparisons are carried out (Althoff et al., 2007) . As a result, phylogenetic signal-to-noise ratio should also decrease with increasing phylogenetic distance. However, in both the Pinnipedia and Bovinae we find no evidence for an increase in the scatter of points about the regression line indicative of greater noise at larger distances (Figure 3a) . We have only scored bands 4100 bp, and although this will reduce the frequency of homoplasious bands compared to levels reported in Althoff et al. (2007) where bands 450 bp were used, it will not have eliminated the problem. A plausible reason for the discrepancy may lie in the fundamental difference in methodology. (Fulton and Strobeck, 2006) ).
Phylogenetic reconstruction with AFLP markers KK Dasmahapatra et al on real AFLP profiles with the genotyping involving a degree of marker selection. In reality, size homoplasious bands representing different loci may show different amplification intensities as well as some conformation or sequence dependent differences in electrophoretic mobility. Although such variation will not present in studies using simulated AFLP profiles, it may to a certain extent be captured in studies using real AFLP genotypes. For example, here we excluded loci showing widely variable levels of amplification across the species and loci that appeared to show minor size variation less than 1 bp. Marker selection by scorers is inherent in actual AFLP genotyping (Bonin et al., 2004) and may substantially reduce the frequency of size homoplasy from those expected based on simulated results. Although this is clearly an important area for further investigation, there is no reason to believe that depth of phylogenetic resolution achieved here is specific to the pinniped study system. In any case, as the effect of a greater proportion of homoplasious bands at greater distances is to introduce noise, use of larger numbers of AFLP bands could help provide sufficient signal at these deeper phylogenetic levels.
Comparing AFLP, mtDNA and nuclear sequence tree topologies Both the parsimony and Bayesian approaches used here inadequately deal with the AFLP data and result in poorly resolved trees. Loss of an AFLP band to create a null allele can occur independently in different lineages. This presents a problem for parsimony analyses, where null alleles in different species are assumed to have a common origin, and the problem worsens the longer the period over which phylogenetic inferences are being drawn. The Bayesian analysis implemented here is imperfect as it uses an oversimplified model of AFLP marker evolution. Distance methods using Nei-Li or Jaccard distances may make less use of available information but do not assume that null alleles are homologous and generally make fewer assumptions about AFLP marker evolution. As such, distance-based methods are likely to be more reliable than parsimony and current Bayesian methods when applied to AFLP datasets such as ours. Consequently, despite the fact that all three methods give broadly similar results, the remaining discussion is based predominantly on results of the distance analysis (Figure 1) .
Most interspecific relationships within otariids are not strongly supported in the AFLP analyses. Direct comparison of otariid relationships found in the AFLP and Fulton and Strobeck's (2006) phylogenies based on nuclear sequences is difficult as sampling of species is patchy and not complementary. Previous mtDNA and nuclear sequence-based analyses have questioned splitting the Otariidae into fur seals and sea lions (Arnason et al., 2006; Higdon et al., 2007) . In mtDNA phylogenies (Wynen et al., 2001; Arnason et al., 2006) , C. ursinus is basal to the whole group. We found that although C. ursinus is basal to all other Otariidae using parsimony, the NJ analysis weakly support placing it at the base of all fur seals included in our analyses. The AFLP NJ analysis appears to support monophyletic fur seal and sea lion clades. However, the position of C. ursinus within the AFLP phylogeny is only weakly supported.
Excluding C. ursinus, the four fur seal species used in this study (A. gazella, A. galapagoensis, A. australis and A. fosteri) also form a monophyletic group in Wynen et al. (2001) , as do the two sea lion species (Z. californianus and E. jubatus). Therefore, it is possible that the monophyly of both fur seals and sea lions that we observe is a consequence of our limited sampling of extant otariid species. Like Wynen et al. (2001) , we also place A. gazella basally with respect to the A. galapagoensis/A. australis/A. fosteri group, but relationships within the A. galapagoensis/A. australis/A. fosteri group are more difficult to resolve. A close relationship among these three Arctocephalus species is also consistent with morphological analysis (Brunner, 2003) .
Several authorities have called for the elevation of the three subspecies of Zalophus californianus, Z. c. californianus, Z. c. wollebaeki and Z. c. japonicus (now believed to be extinct) to species level (Sivertson, 1953; Rice, 1998) , and recent nuclear and mitochondrial evidence supports such a reclassification (Wolf et al., 2007) . However, following Scheffer (1958) , they are still widely considered to be populations at the subspecies level. Our AFLP data lend further clear support for classifying the Galapagos sea lion (Z. c. wollebaeki) as a species separate from the California sea lion (Z. c. californianus). The average AFLP-Nei distance between Z. c. californianus and Z. c. wollebaeki is similar to that between the Z. c. californianus and E. jubatus, the sister species based on mtDNA (Wynen et al., 2001) indicating that the two subspecies of Z. californianus are genetically distinct from each other. These added data justify inclusion of Z. c. wollebaeki in the vulnerable category on the IUCN Red List (http:// www.iucnredlist.org/). However, its phylogenetic distinctiveness from Z. c. californianus may mean that Z. c. wollebaeki warrants greater conservation consideration.
Species relationships within the Monachinae are concordant among trees obtained using AFLP, mtDNA and nuclear sequence datasets (Arnason et al., 2006; Fulton and Strobeck, 2006; Higdon et al., 2007) . All three datasets support the basal divergence between Monachus and the rest of the Monachinae, and between Mirounga and the Lobodontini, as well as a sister relationship between L. weddelli and H. leptonyx. Relationships within the Lobodontini have traditionally been contentious. Morphological analyses fail to find adequate resolution (BinindaEmonds and Russell, 1996) , and although some molecular studies support an O. rossii, L. carcinophagus and L. weddelli, H. leptonyx relationship (Arnason et al., 2006; Fulton and Strobeck, 2006) , others support L. carcinophagus as sister to the remaining taxa (Fyler et al., 2005; Higdon et al., 2007) . In all cases, support for these different scenarios has been weak. Our data provide rather strong support for a different relationship: (O. rossii, L. carcinophagus), (L. weddelli, H. leptonyx). Clearly, this is an area where further research is desirable.
Within the Phocinae, most recent studies have recovered E. barbatus as the basal taxon followed by C. cristata, and then a branch separating P. groenlandicus and H. fasciata from the remaining taxa (Arnason et al., 2006; Fulton and Strobeck, 2006; Higdon et al., 2007) . However, more terminal relationships among the remaining six Phocini species were poorly resolved due to weak phylogenetic signal in this part of the tree. Using AFLP genotypes, we also recover E. barbatus and C. cristata as the deepest branches within the Phocinae, but in contrast to previous studies, we also have strong support for species relationships within the Phocini. Within this group, P. groenlandicus is the basal species, a conclusion also supported by most other recent studies (Arnason et al., 2006; Higdon et al., 2007) . Our data offer stronger support to the sister relationships between P. vitulina and P. largha, and between P. caspica and H. grypus compared with previous studies (Arnason et al., 2006; Higdon et al., 2007) . Additionally, we also find good support for a sister relationship between P. hispida and the (P. vitulina þ P. largha) clade. Our data strongly support placing the grey seal (Halichoerus grypus) amidst species belonging to the genus Phoca, and reinforces the suggestion of Arnason et al. (1995 Arnason et al. ( , 2006 for abolishing the name Halichoerus and inclusion of the grey seal within the genus Phoca.
Evolutionary rates
We have shown that AFLP-based distances between species have a strong linear relationship with both mitochondrial cytb and average nuclear sequence divergences. It is unlikely that selective forces could influence rates of evolution at both mtDNA locus and multiple nuclear markers in the same fashion. Consequently, the strong correlation among the three datasets seems likely to reflect genuine similarity in the estimated divergence times, and hence the cytb, the five nuclear loci (IRBP exon 1, FES, GHR, CHRNA1 and RHO1) and the AFLP markers are evolving in a reasonably clocklike manner. Different selection pressures and mutation rate variation across lineages have the potential to cause deviations from clocklike behaviour at specific loci. Although such factors may affect individual AFLP loci, they are unlikely to affect all of the several hundred markers constituting a typical AFLP profile in a consistent manner. Therefore, the clocklike behaviour of AFLP markers is not unexpected, although to the best of our knowledge, this is the first time it has been shown. What is remarkable is that this clocklike behaviour occurs over an evolutionary timescale of B26 million years (Higdon et al., 2007) . The strong correlation among the three marker types also offers support for the assumption that mtDNA in pinnipeds has not suffered major distortions of evolutionary rate due to natural selection, giving further confidence to the estimated divergence times reported in (Arnason et al., 2006) .
We have further shown that the rate of AFLP-to-cytb evolution is almost identical in two different mammalian orders. As AFLP studies do not, in general, report pairwise distance matrices, it was not possible to carry out a wide-ranging analysis based on a more extensive range of taxa, but this will be an interesting area for future research. This consistency between two mammalian orders also indicates that AFLP markers may provide a useful phylogenetic tool for investigating deeper species relationships.
In conclusion, although AFLP markers are widely used in plant taxonomy especially in rapidly evolving taxa, their use in animal taxa has been limited. Despite concerns over AFLP band homoplasy, we have shown that AFLP markers are useful tools for elucidating relationships within animal taxa over a timescale spanning B26 million years. Our analysis of pinniped phylogenetic relationships using AFLP markers yields results that are largely concordant with those based on mtDNA and nuclear sequences, and at the same time provides some additional resolution within rapidly radiating groups.
